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Fluidity. 


THE subject of fluidity of metals and alloys for 
castings has attracted a large amount of attention 
during the last few years. It is clearly essential that 
the molten material at the moment of casting shall 
possess sufficient fluidity to fill all parts of the 
mould, and a determination of the conditions which 
will ensure this is of paramount importance in foundry 
operations. Hence, not only in this country, but in 
France, Germany, and America, papers have recently 
appeared dealing with this important question. 

To some extent each metal and alloy offers problems 
of its own, but there are certain features of the subject 
which are common to all metals. The first is the 
matter of nomenclature. It is realised that fluidity, as 
understood in foundry practice, is a composite pro- 
perty and not merely the reciprocal of viscosity. 
It is sometimes referred to as “ castability,” a word 
which has even wider connotations than “‘ fluidity,” 
and, moreover, is not a very good translation of the 
French term coulabilité, which gave rise to it, 
but which might more accurately be rendered 
** flowability.”” The same objection applies to the 
German Vergiessbarkeit. Whatever term may be 
used, however, it is agreed that the meaning intended 
is the ability of the molten metal to fill the mould 
(Form*iillingsvermégen). 

The subject in relation to steel is discussed in con- 
siderable detail in two papers in the recently pub- 
lished Second Report of the Steel Castings Research 
Committee of the Iron and Steel Institute, and useful 
data are presented with reference to the effect of com- 
position on the fluidity of steel, as well as that of pres- 
sure, temperature, and rate of pouring on the indica- 
tions of the fluidity test piece. The main reason, 
however, for mentioning this report is that it brings 
out very forcibly the fact that the true viscosity of 
the steel is not itself a primary cause of lack of 
fluidity, but that secondary factors, such as surface 
oxide films, and suspended inclusions exert an 
overwhelming effect in practice. At the Annual 
Meeting of the American Foundrymen’s Association, 
C. F. Joseph has discussed the effect on fluidity of the 
character of the furnace atmosphere, aad also the 
effect of the addition to an over-reduced steel of a little 
oxide and of an excess of oxide. By such additions, 
the fluidity is at first increased and then diminishes 
again. The importance of surface oxide films in the 
case of aluminium and aluminium alloys has lately 





been studied by A. Portevin and P. Bastien in a 
paper read before the Institute of British Foundry- 
men. They have analysed the influence of surface 
tension on the fluidity of metals, and have shown how 
the production of surface films may modify the cast- 
ing properties to an important extent. 

When external conditions can be kept constant, as 
in a controlled series of laboratory experiments, very 
useful relationships between composition and fluidity 
can be deduced. These are perhaps most marked 
in the non-ferrous alloys, partly because standardised 
conditions can most readily be achieved with these 
materials. The dependence of fluidity on the con- 
stitution, as indicated by the equilibrium diagram, 
has been established by Portevin and Bastien, and 
practical application of the principles involved have 
been introduced by Zeerleder and Irmann. Pure 
metals, intermetallic compounds and eutectics, all 
of which have a sharp freezing point, show greater 
fluidity than alloys which solidify over a range of 
temperature, and an increase in the freezing range 
involves a decrease in fluidity. Maximum fluidity 
of the binary eutectiferous alloys occurs at the 
eutectic composition, and minimum fluidity at the 
limits of solid solubility. 

Similar conclusions have been found to apply to 
the iron-carbon and iron-phosphorus alloys, and 
advances may be expected to result from the closer 
study of the influence exerted by composition on the 
fluidity of steels, and particularly of alloy steels. The 

~Steel Castings Research Committee is to be con- 
gratulated on having taken up this line of investiga- 
tion, and the Bibliography* which forms part of the 
report will assist others to get into touch with all 
aspects of the work which has been carried out on this 
subject. With the experimental results, however, 
has been coupled the timely warning that the pro- 
duction of a fluid metal is only one step towards the 
attainment of a perfect casting, and in no way reduces 
the amount of care and attention to design and to 
conditions of moulding, running, and feeding, which 
must be exercised in order to achieve success. 





* Publications subsequent to those shown in the bibliography 
include :— 


A. M. Portevin and P. G. Bastien, ‘‘ Capillarity as a Factor 
in Foundry Practice,’’ French exchange paper presented to the 
Institute of British Foundrymen, June, 1936. Foundry Trade 
Journal, July 9th, 1936, Vol. 55, pp. 28-34. 


C. F. Joseph, “‘ Measuring and Controlling Pouring Tempera- 
ture and Fluidity,’”’ American Foundrymen’s iation, 
annual meeting, 1936. Foundry Trade Journal, September 17th 
and 24th, 1936, Vol. 55, pp. 215-217, 231-232. 


W. Patterson, ‘“‘ The Castability of Metals and Alloys,” Die 
Giesserei, August 14th, 1936, Vol. 23, pp. 405-410. 
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The Smoke Abatement Exhibition. 


THE authorities of the Science Museum are to be 
congratulated on the success of their policy of 
organising and providing temporary accommoda- 
tion for an excellent series of special exhibitions. 
The last three have been of particular interest to 
metallurgists. Of these three, the Electro-deposition 
Exhibition, held last autumn, probably had the 
widest metallurgical appeal. The Low-temperatures 
Exhibition, held in the spring, illustrated some of 
the remarkable properties of metals at very low 
temperatures, and called attention to the need of 
still further investigation of materials of construction 
for use in connection with mechanical refrigeration. 

During the present month a “ Smoke Abatement 
Exhibition ” has drawn large numbers of visitors. 
No one could fail to be impressed by the evidence 
provided of the multiplicity of evils which arise 
from an atmosphere containing dust, soot, tar, and 
acid. The metallurgical consequences of atmo- 
spheric pollution are illustrated by the exhibit 
supplied by the Chemical Research Laboratory, 
Teddington. It consists of three parts dealing with 
the rusting of iron, the tarnishing of non-ferrous 
metals and alloys, and the formation of the green 
patina on copper. The last of these processes may 
be regarded as beneficial, for the patina is pleasing 
in appearance and acts as a protective coating. The 
course of its formation, which normally occupies 
a period of about seventy years, is well understood 
thanks to the work of Dr. W. H. J. Vernon, completed 
some years ago. This work, however, did more than 
serve the immediate object in view. The geographical 
distribution of the basic copper sulphate patina 
characteristic of urban districts, and that of the 
basic chloride patina found at the seaboard, gave a 
clear indication that the influence of the town 
normally extends to much greater distances than 
the influence of the sea, but that the direction of 
the prevailing winds in relation to the source of 
pollution plays an important determining part. 
This fact, first clearly demonstrated in the copper 
patina investigation, is of wider interest, since 
it has thrown much light on .the interpretation of 
the influence of locality on other processes of corrosion. 

Tarnishing of copper alloys is shown to be due 
to hydrogen sulphide in the atmosphere, and can be 
inhibited by the initial presence of a thin oxide 
film on the surface of the metal. Fogging of nickel 
is due to traces of sulphur dioxide and is dependent 
on the relative humidity of the atmosphere, which 
must rise above a critical value in the neighbourhood 
of 60 per cent. before fogging is produced. 

Contamination of the surface by fine particles, 
probably of ammonium sulphate, plays a contri- 
butory, but minor, part in the corrosion of non-ferrous 
alloys. On the other hand, the rusting of iron is 
enormously influenced by the presence of disperse 
particles in the atmosphere. Rusting is inhibited 
by a simple filtering out of solid particles by means 
of a muslin cage, but may be developed, under 
similar conditions, if the surface of the iron is 
inoculated with solid particles, as, for example, of 
charcoal. A similar process, always contingent on 
atmospheric humidity rising above a certain value, 
occurs when carbonaceous particles present in a 
smoky atmosphere are deposited on iron and steel. 
Observations on these lines, made as a laboratory 





study, are the key to the understanding of the 
enormously different rates of corrosion found in 
different parts of the world. The Iron and Steel 
Institute Corrosion Committee found that the rate 
of corrosion of steel in Sheffield is 100 times greater 
than in Khartoum. The explanation lies in the 
difference in humidity and in atmospheric pollution 
at the two places. The questions raised by field tests 
are answered by the work of the laboratory. 

No doubt a more imposing exhibit as regards size 
and illustration of the more spectacular effects 
of atmospheric corrosion could easily be staged, but 
hardly one which would convey so much with such 
economy of material and description. This is an 
excellent test to apply to any exhibit the visitor 
has so much to see that he must be spared all 
unnecessary repetition and duplication. 

The preparation of such an exhibition involves 
much work and planning, and too often the exhibits, 
having served an immediate purpose, get scattered 
and dismantled. It is gratifying to know that certain 
sections of the Electro-deposition Exhibition were 
re-exhibited at the British Association meeting 
at Blackpool, and will later form part of an Inter- 
national Exhibition and ultimately find a permanent 
place in the Science Museum. It is to be hoped that 
many features of the excellent ‘‘ Smoke Abatement 
Exhibition *” will similarly become permanent 
and remain available for reassembling and inspection 
by a wider public in different provincial centres. 








Grinding and Polishing for 
Micrography. 
By W. H. DEARDEN, M.8c., A.I.C. 
No. II. (continued from August issue). 
PREPARATION OF ABRASIVES. 


IMPROVEMENTS in grinding and polishing technique 
and the use of automatic methods call logically for 
supplies of carefully graded abrasives and polishing 
powders. The annoyance and loss of time caused by 
the presence of a few oversize grains in any particular 
abrasive is only too well known, and many metallo- 
graphers adopt some simple method of grading such 
as that described by Rodda.!® This is intended to 
separate ordinary abrasives or polishing media into 
fractions with maximum limits of particle size. A 
suspension of the abrasive in water is allowed to 
stand and then at equal intervals of time a definite 
depth of liquid is drawn off from the top of the suspen- 
sion. The depth and time’ are calculated according 
to the maximum size of particle permitted for the 
grade being prepared. Thorough dispersion of the 
abrasive can be ensured by putting the powder and 
water mixture through a colloid mill, and to prevent 
flocculation of the suspension a small amount of 
sodium silicate should be added as a peptizing agent. 
When dealing with alumina the proportion is 1 c.c. 
of 40 per cent. sodium silicate to each 100 grammes 
alumina in 500 c.c. water. 

Lucas!!, in a detailed account of the preparation of 





10 J. L. Rodda. ‘“ Trans.,’’ Amer. Inst. Min. Met. Eng. 
(Inst. Metals Division), 1932, 99, 149. 

11 F, F. Lucas. Amer. Soc. Metals, 1935, October, Reprint 
No. 1. 
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iron and steel specimens for microscopic examination, 
has recently described a relatively simple air levigation 
apparatus for preparing grit-free magnesium oxide. 
The yield from the apparatus is large and in one day’s 
operation provides a month’s supply of fine mag- 
nesium oxide. The levigated powder is subsequently 
placed in glass jars of the type used for preserving 
fruit. 
drying oven at 100 deg. Cent. for about twelve hours 
and then while still hot sealed tightly with covers and 
rubber rings and allowed to cool. Under these con- 
ditions the magnesia can be kept apparently inde- 
finitely. 

Lucas observes that, despite all efforts to develop 
a more stable and satisfactory polishing medium, 
magnesium oxide stands in a class by itself. As is 
well known, however, it has the troublesome character- 
istic of forming hard gritty carbonate particles when 
exposed to air and moisture. Nevertheless, the oxide 
may be used on a polishing cloth, providing both 
oxide and cloth are kept thoroughly wet. If allowed 
to dry the cloth becomes quite useless for further work 
until it has been thoroughly washed in rather strongly 
acidified water to remove all traces of the powder. 
To prevent the polishing cloth from drying Lucas uses 
a 50 per cent. solution of glycerine in water. He finds 
that this mixture keeps the cloth thoroughly wet, 
thus preventing the formation of gritty particles, and 
does not in general seriously impair the polishing 
properties of the magnesia. 

When critical work is involved, however, it is 
probably preferable to use for grading a somewhat 
more precise method, such as that of Benedicks 
and Wretblad,!? who have constructed a continuous 
elutriation apparatus for the purpose. Their 
apparatus gives very uniform grades which are 
free from coarse particles. From ordinary commercial 
alumina powder, for example, particularly uniform 
fractions have been prepared in which the particle 
size limits were, in one case, 2-4 and in another 
3-6u. The same authors also described an improved 
micro-sedimentation method of analysing the particle 
size of powders graded by their method. The sample, 
which may weighas little as one milligramme, is allowed 
to fall through a liquid contained in a vertical tube 
and provided with a temperature gradient designed 
to bring about a continuous increase in the density 
of the liquid from the top of the tube downwards, 


thus effectively preventing convection currents. - 


The weights of the various fractions are determined 
by methods employed in microchemical technique. 
Analyses of fine grinding media by Benedicks and 
Wretblad’s method have given results which agree 
closely with those obtained by microscope measure- 
ments. 


MounTING MEDIA. 


Ragatz!* has studied the behaviour of mounting 
media used for thin specimens both during pre- 
liminary grinding and polishing operations and during 
subsequent etching. 

Small specimens of the more widely used metals 
and alloys, both ferrous and non-ferrous, were 
mounted in five different media, viz , Lipowitz alloy, 
iron cement, litharge and glycerine cement, plastic 
magnesia cement, and sulphur. The specimens were 





12 ©, Benedicks and P. E. Wretblad. (i) Jernkontorets 
Annaler, 1933, 117, 419; (ii) Die Schleif und Poliertechnik, 
1936, 13, pp. 1 and 48. 


13 R.A. Ragatz. Mining and Metallurgy, 1929, 10, 372. 


The jars, filled, but uncovered, are heated in a- 





ground and polished, and then etched with reagents 
which were known to give satisfactory results with 
normal specimens. In each case the character of the 
etch was noted, as well as the action of the reagent on 
the mounting medium. The results show that there 
is no single material which consistently gives the best 
results with all the metals tested. In some cases a 
material is unsatisfactory because it seriously inter- 
feres with etching, while in other instances it is unsuit- 
able because it does not adequately resist the action 
of the etching reagent. 

The mounting medium found to give the best 
results from the point of view of preventing rounding 
off of the edges of the microsection was the iron 
cement sold under the trade name of ‘‘ Smooth-On.” 
Fourteen grammes of this cement mixed with 1-5 c.c. 
water gives a mixture of suitable consistency. About 
twelve hours is required for setting. If the grinding 
operations on emery paper are carefully carried out 
the surface of the specimen remains level with that of 
the mount and final polishing produces very little 
alteration in this respect. In the p:eliminary grinding 
on a wheel or emery cloth, however, the mounting 
medium is worn away to some extent, leaving the 
surface of the specimen in relief. This effect can, 
however, be subsequently corrected by the emery 
paper treatment. 

The report by Ragatz includes a useful table which 
describes the etching characteristics of various metals 
mounted in different media and also indicates the 
behaviour of the latter under the action of the etching 
reagent. ; 

In connection with the mounting of specimens 
reference may be made to the use of Bakelite for this 
purpose. Methods of using this material have been 
described by Lewis,!4 Krause and Oesterle,!® and by 
Schleicher and Everhart.16 Lewis uses commercial 
Bakelite moulding powder, compressing it around the 
specimen by means of a simple press mould, the parts 
of which are preheated to 240 deg. Cent. It is con- 
sidered that this way of using synthetic resin obviates 
the disadvantages associated with its use in the form 
of a liquid varnish, as the latter medium generally 
becomes porous during the protracted stoving neces- 
sary to harden it. 

Schleicher and Everhart, however, use the Bakelite 
in the form of a viscous liquid (Bakelite Resinoid 
BR-0014) and explain how porosity can be avoided. 
The resinoid is poured over the specimen, which is 
placed face down in a flat-bottomed conical crucible 
which has been slightly greased internally. The 
crucible is then placed in a dryer, maintained at 
85-90 deg. Cent. overnight, and then raised to 120— 
125 deg. Cent. for 14-2 hours. The crucible is now 
removed from the dryer, cooled, and the solidified 
meniscus chipped off with a knife blade, after which 
the completed mount can be readily turned out. For 
successful work the Bakelite resinoid must be fairly 
fresh and should not therefore be purchased in large 
amounts. If the material is heated immediately to a 
temperature higher than 85-90 deg. Cent. the vapour 
will not escape properly and the mounting will be 
porous, while at unduly high temperatures the 
resinoid will froth. The drying oven described by 
Schleicher and Everhart is of simple construction and 
the necessary heat is supplied by a 100-watt, 240-volt 





14 T. W. Lewis. Journ., Iron and Steel Inst., 1932, 126, 184. 

15 PD. E. Krause and J. F. Oesterle. Metal Progress, 1933, 24, 
November, 33. 

16 H. M. Schleicher and J. L. Everhart. 
1934, 5, March, 59. 
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lamp placed inside the oven and provided with an 
external controlling resistance suitable for maintain- 
ing the temperature within the two ranges used. 

In the opinion of Lucas (loc. cit.) Bakelite mounting 
is superior to all other methods except when the 
temperature of moulding is detrimental to the 
specimen under examination. 








The Wear of Metals under Sliding 
Friction. 


THE determination of the resistance to wear as 
a problem of the testing of materials is a subject 
beset by many difficulties. This was sufficiently 
apparent from the general discussion which followed 
Dr. Brownsdon’s paper on “ Metallic Wear” at the 
Institute of Metals last March, and it has since been 
emphasised by H. Meyer.* He points out that wear 
is not so.much a characteristic of the material as of 
the conditions of use or test to which it is subjected. 

Individual testing methods, therefore, provide 
data of very limited application. The relation of a 
special testing method to the practical processes 
involved in wear under a particular set of circum- 
stances must be carefully analysed before any 
importance can be attached to the results of such a 
test for acceptance purposes. 

Both the experimental arrangement and _ the 
mechanism of the process of wear involved must be 
kept in mind in considering the application of the 
results of any special series of tests, such as those 
reviewed in this article. 

The wear of metals in sliding friction depends on 
the nature, shape, and surface character of the two 
metals in contact, on the nature of the lubricant 
or abrasive between the surfaces, on the temperature, 
on the pressure, and on the speed and nature of the 
movement. B. Kehl and E. Siebelt have carried 
out a systematic investigation of these factors with 
various types of cast iron, steel, bronze, bearing 
metals, and artificial resins of the bakelite type. 
The tests were made by mounting two hollow rings 
of the materials one above the other and rotating the 
upper ring at various speeds while the lower was 
pressed against it by means of a weighted lever 
mechanism (see sketch). The two rings were first ‘‘ run 
in”’ until the contacting surfaces were smooth, then 
cleaned and weighed and the loss in weight in sub- 
sequent running determined at various speeds and 
at various contact pressures, the temperature of 
the lower fixed ring being measured by means of a 
small thermo-couple inserted into it. 

In tests on cast iron and steel without lubricant 
or abrasive the wear increases linearly with the load 
provided that the temperature is not allowed to 
exceed 250 deg. Cent. In the absence of cooling, 
however, the temperature and the rate of wear 
increase parabolically with the load owing to increase 
in the rate of surface oxidation. With a constant 
load of 10 kilos. per square centimetre and efficient 
cooling the rate of wear of cast iron increases with the 
speed of rotation to a maximum at about 0-8-1-0m. 
per second, then falls sharply to an almost insignificant 
value at 1-1-2m. per second, after which it rises 


* Archiv Eisenhittenwesen (April, 1936), 1935-36, 9, 501-508. 
} Archiv Eisenhiittenwesen (May, 1936), 1935-36, 9, 563-570. 














very slowly with further increase in the speed ; 
the maximum rate of wear decreases with increasing 
hardness in the case of cast iron, but depends more 
on the heat treatment in the case of steels. Steels 
containing spheroidal cementite, lamellar pearlite, 
or troostite, all behave similarly in the wear test ; 
but the maximum rate of wear of steels with a 
martensitic structure is only about 1 or 2 per cent. 
of that of any of the others. Micrographic examina- 
tion of the worn surface shows that at slow speeds a 
rough surface is produced, whereas at higher speeds 
the surface rapidly becomes smooth and consequently 
wear is reduced; tests in alcohol vapour show that 
atmospheric oxidation plays only a very unimportant 
part unless the temperature is allowed to exceed 
300 deg. Cent.. 

When two cast iron rings of different composition 
or structure are used in the test, the harder ring wears 
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somewhat more rapidly and the softer ring less 
rapidly than when each is run against another of 
the same type; also, the time taken to start wear 
is greater with a soft than with a hard cast iron. 
In dry tests the coefficient of friction of steel decreases 
almost hyperbolically with the rate of rotation, 
whereas that of cast iron increases rapidly to a 
maximum at about 0-5m. per second and then 
decreases slowly with further increase in the speed of 
rotation. 

Since in practice nearly all sliding contacts are 
lubricated a series of tests was made at 70 deg. Cent., 
Essolube § A E 20 being used as lubricant. According 
to the hydro-dynamic theory of lubrication the thick- 
ness of the oil film depends on the size of the surface, 
the rate of movement, the absolute viscosity of the 
oil, and the load, as well as on the nature of the 
bearing surfaces. To obtain a true liquid friction 
the oil film must have a thickness as least as great 
as the depth of any surface imperfections, so that 
the smoother the surface the thinner is the minimum 
oil film. If all the other factors are kept constant 
the thickness of the oil film depends on the load, 
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becoming smaller the higher the load, until eventually 
the two metal surfaces touch and the torsional 
moment increases suddenly, while the local evolution 
of heat produces a reduction in the viscosity of the 
oil and consequent wear of the surface of the metal. 
The load at which this occurs is, therefore, a charac- 
teristic property of a definite type of surface, and, 
in the tests, standard surfaces were prepared by 
rubbing the metal in one direction on standard 
emery papers; in addition, 1 mg. of fine emery was 
mixed with every 1 c.c. of oil. At speeds of more 
than 0-4m. per second a fine-riffled surface with a 
mother-of-pearl lustre was produced and’ the tests 
were made after this had been developed. 

With cast iron to steel contacts the pressure p 
required to produce binding in oil-emery mixtures 
varies with the speed v according to the expression 
p.vi%=c, but with a constant load of 5 kilos. or 
10 kilos. per square centimetre the rate of wear of 
both metals is practically independent of the speed 
between 0-4m. and 2:1n.. per second. In pure oil 
the amount of cast iron worn away rises rapidly 
to a maximum after about 2 kiloms., then remains 
constant for at least 50 kiloms. of travel. 

With oil-emery mixtures the wear increases pro- 
portionately to the load at all speeds up to 1m. 
per second, above which it increases suddenly about 
a hundredfold owing to the abrasive action of the grit. 

Table I shows the wear of a steel ring on which 


TaBLe I.—Wear Tests. 

















Material tested and | Wear of the Wear of the test ring. 
Brinell hardness. steel ring, |= } 
mg. per km. | Mg. per km. | Mm. perkm. 

Cast iron, B.H. 160/ 12-20 | 10-40 | 1-44 

» ” » 286 13-30 | 10-20 | 1-42 

= a 205 9-20 8-40 | 1-17 

%9 os » 240 3-60 | 7-30 | 1-02 
Cast bronze sans 6-40 17-80 | 2-00 
Leaded bronze Ae 23-80 | 8-70 0-98 
White metal .... 1:07 | 3-20 0:43 











was rotated a ring of another metal at 1-6m. per 
second under a load of 5 kilos. per square centi- 
metre, using an oil lubricant with 1 mg. of emery 
per cubic centimetre. 

These results show that a white-metal bearing 
is much superior to cast bronze bearings and the 
loss in volume by wear is only about half that of a 
leaded bronze, which, however, is itself superior to 
cast irons. The coefficient of friction of white metal 
and cast iron in pure oil lubrication remains prac- 
tically constant with the speed of rotation, whereas 
that of cast bronze tends to rise appreciably. 

Kehl and Siebel claim that tests of the type they 
carried out give valuable information about wear 
under certain practical conditions. Tests made with 
no lubricant correspond to conditions present in 
brake drums, while those made in oil-emery mixtures 
may be held to reproduce conditions of lubricated 
sliding friction. 

Such conditions would make the test a suitable 
one for materials for automobile cylinders and 
piston rings for which other wear tests have also 
been devised. In practice, however, the factors 
are much more complex. There is a close connection 
between microstructure and wear resistance of cast 
iron,{ and the type of fuel used also has a pronounced 
effect.§ 








t M. von Schwarz, Giesserei, May 22nd, 1936, 23, 257-262. 


§ R. Koch, Automobiltechnische Zeitschr., 1936, 39, 31-36. 








While the necessary caution must be observed 
in assigning an order of merit to materials on the 
basis of the experimental results, the method of 
Kehl and Siebel offers a useful means of studying 
the combined effect of a number of important factors 
influencing the practical performance of materials 
fer piston rings and cylinders, as well as for other 


purposes. 








Veining and the Mosaic Structure 
in Metals. 
By L. NORTHCOTT, Ph.D., M.Sc., F.I.C. 
No. I. 
VEINING AND SuB-BoUNDARY STRUCTURES. 


RECENT investigations» ? upon veining in metals 
have shown this structure to be associated with the 
precipitation, from solid solution, of small quantities 
of oxides whose solubility in the metal decreases with 
decrease in temperature. The action is not limited 
to pure metals, but also occurs with many alloys. 
At all temperatures the quantitative solid solubility 
is extremely small, but is sufficiently less at atmo- 
spheric than it is at elevated temperatures to permit 
the excess oxide to be precipitated from solution in 
the form of a network at certain rates of cooling. 
Excessively slow cooling favours coalescence, and the 
optimum cooling rate for the development of a net- 
work structure has been found to vary appreciably 
for different alloys. The more recent paper? on the 
subject distinguishes between veining and _ sub- 
boundary structures, the latter referrmg to a pre- 
cipitate, also occurring in a network form, of a con- 
stituent of the alloy, other than oxide. The mode of 
formation of both networks is the same and only the 
nature of the precipitate is different. In alloys which 
undergo phase changes, the position of the sub- 
boundary network relative to the crystal structure 
depends upon whether the phase change occurs before 
or after the formation of the network. Treatment in a 
reducing atmosphere at high temperatures is without 
effect upon the sub-boundary structures, but removes 
veining from the surface layers except in alloys con- 
taining aluminium or silicon whose oxides are known 
not to be reduced except at very high temperatures. 


Mosaic STRUCTURES. 


In order to explain certain features in the properties 
of crystals, it has frequently been suggested that the 
crystal lattice is not perfect, but that there exists a 
regular sub-structure to which the terms mosaic, 
block, lineage, or secondary structure have been 
applied. With one exception, the existence of such 
sub-structures would appear to rest upon exceptionally 
slender experimental evidence. Although it is not 
proposed to review all the different theories in detail 
reference to some of them will be made for the purpose 
of determining any connection between existing mosaic 
structures and the veining and sub-boundary struc- 
tures mentioned above. 

(1) The Darwin Mosaic Structure.—As a result of 
the study of the intensity of reflection of X-rays by 
crystals, Darwin’ suggested that a crystal may be 
regarded as being composed of small crystalline 
fragments which are approximately parallel to each 
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other, but whose orientations are distributed through 
an angular range of many minutes of arc on either 
side of a mean direction. All atoms within each 
fragment are regarded as being in perfect arrange- 
ment. Such a crystal has been termed an ideally 
imperfect or mosaic crystal. From the experimental 
work it would appear that crystals are neither ideally 
perfect nor ideally imperfect, but have a structure 
which lies between the two extremes, and in most 
cases is much closer to the ideally imperfect. The 
blocks of the mosaic are smallest and show the greatest 
difference in orientation in the ideally imperfect type 
of crystal. The lower limit to the dimensions of the 
mosaic blocks is of the order of 5000 A.U. The 
phenomenon has singe been elaborated by Bragg, 
Darwin, and James,‘ and was recently summarised 
by James.5 Similar conclusions as to the imperfec- 
tions in crystals have been obtained by the reflections, 
over a range of angles, of a crystal slowly rotated in 
a beam of parallel X-rays. 

(2) The Zwicky Structures.—Zwicky’s first mosaic 
structure was based upon the estimated development 
of cracks on a growing crystal surface at about every 
100 A.U. in both directions on the surface. The 
assumption that the outer layer of a crystal growing 
, in a liquid is under severe stress has been criticised as 
having no relation to what actually occurs at the 
crystal surface. Zwicky® subsequently advanced 
theories for two types of structure (a) a “‘ secondary 
structure ” or larger lattice having no mosaic aspect, 
superimposed upon the ideal space lattice structure 
of the crystal, and (6) a mosaic structure, which 
appears to be of the type proposed by Darwin (see 
also Zwicky’). The secondary structure does not 
depend upon the existence of cracks or pores, but 
upon the presence of a greater number of atoms on 
certain planes than exists in the simple ideal lattice. 
The dimensions of this secondary structure may be 
from 100 to 10,000 A.U. The lack of satisfactory 
experimental evidence for this structure has been 
pointed out by Buerger® and by Buckley,® both 
of whom offer detailed evidence against Zwicky’s 
conclusions; similarly, Smekal?® and Orowen!™ 
consider that there is neither theoretical nor experi- 
mental evidence to substantiate Zwicky’s secondary 
structure. It is thought that there is, however, more 
likelihood for the existence of the mosaic type of 
structure, and Zwicky considérs that, among the 
causes for the formation of this structure the heat of 
fusion is important, as this results in a temperature 
gradient causing internal stress in the growing crystal ; 
in addition, he thinks specific gravity effects, and the 
difference in gas solubility between the solid and the 
liquid, may play a part. 

(3) Smekal’s Block Structure-—Smekal, in order to 
explain the alleged difference between the calculated 
and observed strengths of crystals, as well as certain 
other anomalies in the properties of crystals, has 
suggested a mosaic or block-like structure, of dimen- 
sions of the order of 100 A.U., formed by the penetra- 
tion of minute pores or cracks throughout the inner- 
most parts of the erystal.!2 The existence of actual 
pores or cracks has been less favoured by later workers, 
and some of the experimental evidence opposing 
Smekal’s views has been discussed in detail by 
Buckley.? The discrepancies in crystal strengths have 
been ascribed by Orowan'* to the presence of surface 
flaws. 

(4) The Lineage Structure of Buerger.—Buerger™ 
has given the name “ lineage structure ”* to his type 





* Later referred to as macro-mosaic by Greninger.!? 





of mosaic, which he considers arises from the growth 
of crystals in the form of dendritic skeletons, but some 
difficulty is experienced in distinguishing between this 
structure and that more commonly and conveniently 
referred to as the dendritic structure; in fact, he 
includes the dendritic structure as one of the prin- 
cipal examples of his lineage structure, and shows 
photographs of the lineage structure in single and 
poly-crystalline metals, which are typical of the 
commonly observed dendritic structure. The dimen- 
sions alone of the dendritic type of structure would 
render the term mosaic, as at present understood, 
unsuitable. 

As an adequate review of the whole subject of 
mosaics would be out of place here, the references 
given above to the different mosaic structures have 
necessarily been brief. A study of the literature on 
the subject, however, leads to the conclusion that 
the Darwin mosaic is the only one of which the 
existence is undisputed, and which is based upon 
ample and reliable experimental evidence. Further 
reference to it will therefore be made. 

Although the mosaic crystal in its “‘ ideally mosaic ”” 
form may be considered as being built up of a large 
number of independent blocks whose orientations 
differ only slightly, it is probable that in an average 
case the crystals differ from perfection only in that, 
at intervals of every few thousand planes there exist 
small and arbitrary dislocations which need only be 
a fraction of a lattice spacing, in the regular sequence 
of the planes.4® The crystal fragments then correspond 
to the regions between the dislocations. Between the 
two extremes of the perfect and wholly imperfect 
crystal, there may be assumed to be a continuous 
series of crystal types, the mosaic passing gradually 
into the perfect crystal by the increase in size of the 
perfect regions until one of them occupies the whole 
crystal. From the view-point of X-ray reflection, a 
certain number of the independent blocks may occa- 
sionally lie so nearly parallel to one another that 
they reflect at the same setting of the crystal. 

Most of the experimental work supporting the 
Darwin mosaic theory has been carried out upon 
non-metallic crystals, but attention has been paid to 
metallic aluminium by James, Brindley, and Wood.1® 
From their results it is evident that the aluminium 
single crystal examined deviated appreciably from the 
perfect crystal condition and approached closely to 
the completely mosaic state. Greninger!? examined 
single crystals of copper by means of the back 
reflection Laue method of X-ray analysis, and con- 
cluded that the sub-structures deviate from exact 
parallelism by amounts varying from 5 or 10 minutes 
to as much as 2 deg. 

The connection between veining and mosaic struc- 
ture will be discussed in the second part of this paper. 
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The Effect of Annealing on the 
Length of Cold-Drawn Rods. 


In a paper with the above title, K. Saité* has 
described experiments in which the length of cold- 
drawn specimens of copper, brass, and steel has been 
accurately measured at room temperatures after they 
have been subjected to an annealing treatment for 
thirty minutes at successively higher annealing 
temperatures. It is well known that the density of a 
metal or alloy is lowered by cold working and is 
increased again by subsequent annealing. This 
change of density would apply to all the materials 
examined by Saité6, but in their changes in length the 
ferrous and non-ferrous materials showed a marked 
difference in behaviour. Copper and brass rods, as a 
rule, were found to contract in length in the whole 
range of annealing temperature; the increase in 
density (decrease in volume) was accompanied, as 
would normally be expected, by a decrease in length. 
An exception was 60:40 brass, in which a large 
inerease in length occurred after treatment at about 
400-500 deg. Cent., z.e., in the vicinity of the phase 
change. Cold-drawn rods of iron and steel, however, 
were found to elongate after treatment in a certain 
range of temperature and then to contract when the 
annealing temperatures were higher. 

The increase in length of 0-3 per cent. carbon steel, 
cold drawn 51 per cent., amounted to 0-06 per cent. 
after treatment at temperatures up to 700 deg. Cent., 
though complete annealing above the critical range 
was accompanied by considerable contraction. A 
more pronounced behaviour of the same character 
has been recorded by 8S. H. Reesf for more severely 
cold-drawn steels of higher carbon content ; and in 
cold-drawn austenitic steels the decrease in length 
produced by annealing was smaller than would be 
expected from the increase in density. To what 
extent a similar conclusion applies to copper and 
brass is not revealed by Saité’s work, as no deter- 
minations of the changes in density were made. 

The contraction in length is explained by Sait6 on 
the same lines as he would explain the decrease in 
volume of the material, but the extension in the case 
of steel is referred to “‘ crystal refining,”’ in spite of the 
fact that recrystallisation on annealing above Ac is 
invariably accompanied by a contraction. This 
explanation, therefore, required the further assump- 


* Science Reports, Tohoku Imperial Univ., 1936, 25, 128-140. 
+ Journal, Iron and Steel Inst., 1928 (2), 199, and 1933 (2), 





tion that low temperature recrystallisation of steel 
is accompanied by the formation of ‘‘ minute cracks ” 
and, moreover, since “the amount of expansion ” 
was larger in the 0-3 per cent. carbon steel than in 
those of higher carbon content (which, however, had 
only received about half as much cold work), it was 


concluded ‘that minute cracks, set up within the 


steel, take place mostly in the boundaries between 
ferrite and eutectoid grains, but not within the 
eutectoid grains themselves.” 

Although interesting in its indications of the broad 
difference in behaviour of cold-drawn copper and iron 
alloys on annealing, the paper is inconclusive in most 
respects. The temperatures given for those at which 
internal stress is ‘‘ released,” viz., 300 deg. Cent. for 
copper, 370 deg. for brass, and 650 deg. for iron and 
steel, are based on the attainment of constant dimen- 
sions by the rod over a range of annealing tempera- 
tures, and apparently refer to the temperatures at 
which internal stresses are completely eliminated. 
The hardness, increased by cold work, was found to 
return to its original value at about these tempera- 
tures. The recorded fluctuations in length of the rods 
of high-carbon steel with progressive increase of 
annealing temperature may be significant, but are 
ignored. The explanation of the difference in 
behaviour between copper alloys and steel is purely 
speculative and based on inadequate data. Extension 
of the steel specimens was observed, but there is no 
evidence for the assumed volume expansion since no 
density measurements were made. 

A much more likely explanation appears to be that 
the directional effect imparted by cold drawing to 
face-centred copper and to body-centred iron is very 
different, and that this difference is reflected in the 
behaviour of the two metals when recrystallisation 
begins to occur. Such an effect, however, can only 
be verified by X-ray analysis of the crystal orientation, 
and it is clearly undesirable that attempts should be 
made to interpret these dimensional changes in the 
absence of such data. 








Equilibrium at Relatively Low 
Temperatures in Copper-Tin 
Alloys. 


ALTHOUGH it was as long ago as the end of the last 
century that the study of the equilibrium constitution 
of metallic alloys was commenced, and some four to 
five hundred binary systems have since been studied, 
at least in outline, it is in very few instances yet that 
final accuracy can be claimed. Paradoxically, it is 
amongst the well-known alloys of commerce, the 
carbon steels, brasses, and bronzes, investigated most 
thoroughly by the metallographers, that the equili- 
brium diagrams are least certain. The difficulty in 
these and other cases lies in the sluggishness with 
which the alloys approach equilibrium at the lower 
temperatures. Little co-ordinated research has been 
carried out to find effective means of approaching 
equilibrium at such temperatures, although con- 
siderable attention has been given to the construc- 
tion of thermostatic apparatus in which it is possible 
to expose specimens to the desired temperature for 
periods of several months. It is sometimes found 
that fine grain size in the alloy favours the attainment 
of equilibrium.’ but it is a question for experiment 








168 


SuPPLEMENT TO THE ENGINEER, Oct. 30, 1936. 





whether slow cooling to the temperature at which 
equilibrium is sought, from a higher temperature at 
which the material was in equilibrium, is a more 
satisfactory preliminary to prolonged iso-thermal 
exposure than is rapid cooling or quenching. Rosen- 
hain? wrote in 1929: ‘‘ Where it is feasible, the 
application of deformation (cold-work) is also useful 
in facilitating the progress of phase changes tending 
towards equilibrium.” 

The importance of cold-work in initiating constitu- 
tional changes has been brought out strongly by many 
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Fic. 1—Change in Resistivity on Annealing at 300 deg. 
Cent. 


investigations of age hardening made in recent years, 
of which the work of Teed* may be cited as typical. 
On the other hand, Mooradian and Norton‘ claim 
to have shown by X-ray methods that lattice dis- 
tortion in such instances is eliminated by heat treat- 
ment before diffusion has effectively begun, so 
that the mechanism by which cold-working may 
affect the rate of approach to equilibrium is obscure. 
£-A particularly striking example of the important 
réle which may be played by cold-working is offered 
in a recent paper of Haase and Pawlek® on copper- 





tin alloys, in which somewhat unexpected changes in 
electrical resistance of cold-worked bronzes on heat- 
ing, first observed by Dahl in unpublished experi- 
ments, are investigated in detail. The material 
under examination consisted essentially of nine alloys 
containing 5 to 13-5 per cent. tin, made from cathode 
copper and “ Banca’”’ tin, melted under charcoal, 
and chill cast as plates 15 mm. thick, which were 
then annealed at 600 deg. Cent. and cold rolled to 
6 mm. Square section rod cut from the strip was 
then drawn to 4 mm. diameter wire, annealed one 
hour at 600 deg. Cent. and quenched. These wires 
formed the basis for the final operation of producing 
cold-drawn specimens for resistance measurements. 
Additional alloys of higher tin content were employed 
in X-ray work which supplemented determinations of 
resistivity, Brinell hardness, and micro-structure. 
The resistivity measurements, which were all 
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Fic. 2—Resistivity after 90 per cent. Cold Drawing and 
Annealing at 200 deg. to 350 deg. Cent. 


made at 20 deg. Cent., may be referred to six series. 
In the first, the resistivity of alloys quenched from 
600 deg. Cent. is shown to rise steadily with tin 
content from 5 to 13-5 per cent. In the second series 
the effect of progressive ccld drawing up to 90 per 
cent. reduction in area is found to increase the 
resistivity of all the alloys by about 10 per cent. 
The third series of measurements relates to wires 
cold drawn 90 per cent., and heated for one hour at 
a variety of temperatures between 0 deg. and 600 
deg. Cent.; the resistivity of the alloys containing 
10-5 per cent. tin and above is found to be a minimum 
after heat treatment at 300 deg. Cent., and the mini- 
mum value assumed is below that of the alloys as 
quenched from 600 deg. Cent. One hour heat treat- 
ments at temperatures above 420 deg. Cent. of the 
alloy containing 13-5 per cent. tin produce equal 
values of the resistivity ; hence this alloy may be 
assumed to consist in equilibrium of a single phase 
at such temperatures. The corresponding tempera- 
tures for the alloys containing 12 and 10-5 per cent. 
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tin are somewhat lower, approximately 370 deg. 
and 350 deg. Cent. respectively. 

In the fourth series of resistivity measurements, 
illustrated here as Fig. 1, the effect of duration of 
heating at 300 deg. Cent. on four selected alloys in a 
variety of states of cold-work is studied. It will be 
seen that there is no change in resistivity in 400 hours 


in the quenched material, and that in each of the. 


alloys the rate of change of resistance, and perhaps 
the induction period before change occurs, is hastened 
by increased reduction by cold-work. The changes 
are, for a given degree of cold-work, more profound the 
higher the tin content, being negligible in the 5 per 
cent. alloy, whilst the resistance of the most heavily 
drawn specimen of the 13-5 per cent. alloy is almost 
halved. 

The fifth determinations were carried out on an 
alloy containing 13 per cent. tin, cold drawn to various 
extents up to 97 per cent. reduction and aged for one 
hour at temperatures between 0 and 550 deg. Cent. 
The previous conclusion is endorsed that degree of 
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Fic. 3—Resistance Isotherms of Tin Bronzes at Different 
Temperatures. 


cold-working is a measure of the extent of the resist- 
ance changes. This is shown to apply even to an 
increase of reduction by cold drawing of from 93 to 
97 per cent. The inferences from the earlier series of 
tests are again confirmed by the sixth series of 
measurements, the results of which are reproduced 
here as Fig. 2. These data show also that increase 
in ageing temperature is without marked accelerat- 
ing effect on the rate of change of resistance. This is 
assumed to be due to the nullifying or obscuring of 
the normal behaviour by recrystallisation and recovery 
from cold-work. At 350 deg. Cent. it is only the alloy 
of highest tin content which changes in resistance. 
This again indicates that the solid solubility of tin 
at 350 deg. Cent. lies between 10-5 and 13-5 per 
cent. The value of the resistivity reached in sixty 
hours corresponds with that of an alloy containing 
11-9 per cent. tin, quenched from 600 deg. Cent. 
As the alloy aged at 350 deg. Cent. is duplex in 
constitution its resistivity is the average of that of 
its phases, of which that having the higher tin content 
has the higher resistivity ; thus the solid solution 





present in this alloy clearly contains less than 11-9 
per cent. tin. Accurately to determine the solubility 
from the resistivity data derived at this and other 
temperatures demands the construction of the dia- 
gram shown in Fig. 3, in which the curving boundary 
line on the left represents the dependence of resistivity 
.on composition for the saturated solid solution alloys. 

The next section of the paper deals with hardness 
measurements. The increase in Brinell hardness 
during the early stages of ageing of these alloys is 
somewhat surprisingly small, but in the later stages 
of ageing the hardness falls away rapidly (see Fig. 4). 
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Fic. 4—Brinell Hardness of Tin-Copper Alloys, Cold- Worked 
90 per cent., in relation to Time and Temperature of 
Annealing. 


The falling away of the hardness is primarily due to 
recovery from cold-work, but its significance would 
have been clearer had the authors indicated the 
hardness values of material as quenched from 600 deg. 
Cent. 

The X-ray study of the ageing comprised photo- 
metric analysis of photograms of alloys subjected 
to ageing treatments. Iron radiation was employed. 
The results obtained are reproduced ‘in Fig. 5, where 
they are compared with the resistivity changes. 
Although the two methods yield similar curves, 
neither of which reaches equilibrium within the 1000 
hour period, for the 9 per cent. tin alloy, aged at 
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200 deg. Cent., the lattice-parameter and resistivity 
curves for the 13-5 per cent. tin alloy are very 
different. At 250 deg. Cent. the parameter reaches 
a stable value in 200 hours but the resistivity is 
still changing at 800 hours ; whilst at 300 deg. Cent. 
it is the resistivity which first reaches equilibrium. 
The meaning of these differences is by no means clear. 

Microscopical examination has confirmed the other 
evidence that during the ageing of alloys of higher 
tin content, at temperatures below 400 deg. Cent., 
a partial decomposition of the solid solution retained 





by quenching from 600 deg. Cent. takes place. The 
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ageing treatments usually increase the rate of attack 
of etching reagents on the alloys and also produce 
resolvable particles of a’ second phase. In the case 
of the 13-5 per cent. tin alloy the original cold- 
worked structure is unchanged after 8 hours at 
400 deg. Cent.; as the temperature is decreased 
below this limit the proportion of precipitate increases, 
but the size of the precipitated particles is reduced. 
The lack of change at 400 deg. Cert. is in accordance 
with the resistivity and X-ray results. 

The authors next consider the implications of their 
work in regard to the equilibrium diagram of the 
system copper-tin. As in the case of the resistivity 











results, the lattice-parameter measurements are diffi- 
cult of quantitative interpretation in terms of solid 
solubility as previous workers have disagreed regard- 
ing the relation between the parameter and composi- 
tion in copper-tin alloys. Haase and Pawlek there- 
fore redetermined the relationship. Their para- 
meter/composition line is in close agreement with 
that of Konobejewski and Tarassowa,® and _inter- 
mediate between that of Westgren and Phragmén’ 
and Owen and Iball,§ whose estimates of composition 
at the same parameter value differ by as much as 
20 per cent. of the solid solubility. 

As the resistivity results (see Fig. 3) had indicated 
that the phase precipitated at the lower temperatures 
was probably not the delta phase of the system, 
Cu,,Sn,, further X-ray work was carried out to 
identify the precipitate. Above 370 deg. Cent. it is 
shown to be the delta phase, which later decomposes 
to alpha and Cu,Sn. Ageing below 350 deg. Cent. 
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Fic. 6—Lquilibrium Diagram of Copper-Tin Alloys (Haase and 
Pawlek’s Modification of Bauer and Vollenbruck’s Diagram). 


results in the formation of Cu,Sn alone. The lattice 
of this phase is hexagonal ; the parameter and axial 
ratio vary slightly with temperature of formation. 
At 350 deg. Cent. a=2-7518 A, c/a=1-5705, whilst 
at 300 deg. Cent. a=2-7523, c/a=1-5697. The 
following estimates are made of the solid solubility 
of tin in copper :—13-5 per cent. at 400 deg., 10-9 
per cent. at 350 deg., 5-5 per cent. at 300 deg., 
2-8 per cent. at 250 deg., and approximately 1-2 per 
cent. at 200 deg. Cent. (Fig. 6). A comparison of the 
new diagram with that of Owen and Iball, who first 
suggested a decomposition of the delta-phase at a 
temperature near 350 deg. Cent., shows that these 
authorities differ mainly in the range of the alpha 
field at the lower temperatures. The method adopted 
by the present authors in bringing their materials to 
equilibrium at those temperatures has clearly been 
more successful than that employed by Owen and 
Iball. A consideration of the possible sources of 
error in the present method shows that the solubility 
values now given are more likely to be high than low. 
It is interesting to note that the results are in accord- 
ance with the principle that the logarithm of the 
solubility in atomic per cent. is linearly related to the 
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reciprocal of the temperature in degrees absolute, 
a principle which has been discussed in connection 
with these alloys by Konobejewski and Tarassowa, 
and at more length by Fink and Freche® for alumi- 
nium alloys. 
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The Quench-A geing of Commercial 
Mild Steel. 


By J. A. JONES, M.Sc., F. Inst. P., Central Research 
Department, The United Steel Companies, Ltd. 


THE susceptibility of low-carbon steels to age- 
hardening after rapid cooling from temperatures just 
below the beginning of the Ac, change is now a fairly 


well understood phenomenon. The accepted explana- : 


tion of its occurrence is based on the formation at the 
quenching temperature of a super-saturated solid 
solution in «-iron. This condition of super-saturation 
is retained on rapid cooling, whilst at atmospheric 
temperature, precipitation of the excess phase in a 
highly dispersed form takes place with time, and this 
causes an increase in the hardness of the steels. 

Published literature indicates that the solubility 
of carbon in a-iron at room temperature is of the 
order of 0-008 per cent., and that there is little 
increase in solubility below about 550 deg. Cent. 
Above this temperature the solubility increases until 
at the temperature of Ac, it reaches a value of approxi- 
mately 0-035 per cent. The actual value at this 
temperature is probably affected to some extent by 
the presence of other substances in solid solution. 

The system iron-carbon over a limited range of 
composition thus shows increased solubility with rise 
in temperature for one component, and, as would be 
expected, has been found to provide alloys which, 
when rapidly cooled from a temperature approaching 
Ac,, will develop age-hardening properties. 

Many of the properties of mild steel suffer con- 
siderable modification as a result of age hardening. 
This aspect of the subject has been studied by many 
investigators, whilst the effects of composition, prior 
treatment and variations of the quench-ageing treat- 
ment, on the extent of the changes in the properties 
brought about by rapid cooling from temperatures 
approaching Ac,, have also been carefully investi- 
gated. From a study of the literature available, it 
would appear that we are in possession of most of the 
relevant facts concerning the quench-ageing of com- 
mercial low-carbon steels. 

Low-carbon steels have been found to be susceptible 
to age hardening to a marked extent when allowed to 
age after quenching from temperatures just below Ac,, 





and the hardening is normally accompanied by 
embrittlement, this being particularly evident in the 
lowering of the notched bar impact figures. Low- 
carbon steels vary considerably in the degree of sus- 
ceptibility to age hardening. The determining factor 
appears to be the carbon content. Commercially 


- pure low-carbon steels show increased susceptibility 


to age hardening as the carbon content increases to 
0-05 per cent., and then remain fairly constant up 
to 0:10 per cent. carbon. The effect decreases in 
the presence of higher carbon contents and becomes 
very slight when the carbon exceeds 0-30 per cent. 
The degree of age hardening in commercial low-carbon 
steels may be influenced slightly by the oxygen and 
the nitrogen contents, but it is not considered that 
either oxygen or nitrogen can have a direct influence 
on the capacity of normal mild steels to quench-age- 
harden. The solubility of oxygen in «-iron at room 
temperature is very low and does not change appre- 
ciably with temperatures up to the Ac, point. 

With regard to the effect of nitrogen, published 
work will not allow of such definite statements being 
made as in the case of oxygen. It is established that 
the conditions under which precipitation hardening 
occurs are fulfilled by the system iron-nitrogen. 
There appears, however, to be some disagreement 
with regard to the extent of the solubility of nitrogen 
in «-iron at various temperatures. Fry* gives a 
figure of approximately 0-015 per cent. at atmospheric 
temperature and about 0-5 per cent. at 580 deg. Cent. 
These values differ considerably from those reported 
by Késterf, who gives a very low figure of 0-001 per 
cent. at room temperature, 0-01 per cent. at 300 deg. 
Cent., 0:02 per cent. at 400 deg. Cent., and 0-4 per 
cent. at 580 deg. Cent. 

If we assume the values given by Fry to be correct, 
the solubility of nitrogen in «-iron at room tem- 
perature exceeds the nitrogen content of most normal 
low-carbon steels. If, on the other hand, we take 
the figures given by Késter, then we would expect 
steel made by the Bessemer process and containing 
usually about 0-014 per cent. nitrogen to show a 
greater degree of quench-age-hardening than an open- 
hearth steel of similar analysis, but containing 
normally about 0-004 per cent. nitrogen. 

It is possible that any influence which nitrogen 
might have on quench-ageing is completely suppressed 
in mild steels by the presence of carbon. 

Experimental data indicate that any effect which 
the method of manufacture may have on the degree 
of susceptibility of a mild steel to quench-age- 
hardening is negligible compared with the effect of 
carbon content. 

The marked falling off in susceptibility to age 
hardening in mild steels containing over 0-1 per cent. 
carbon is to be attributed to the “ dilution ” of the 
ferrite by the carbide, or to the effect of the excess 
carbide in modifying the form of the curve for solid 
solubility of carbon in «-iron with temperature. The 
presence of alloy elements in the steel has generally 
the same effect. Thus, low-carbon steels of low 
manganese content show a higher degree of age 
hardening than corresponding steels of higher man- 
ganese content. 

Quenching from above the Ac, change point prior 
to rapid cooling from below Ac, has a marked effect 
in reducing susceptibility to age hardening. No age- 
hardening effects are evident on quenching from tem- 
peratures below 550 deg. Cent. This temperature 





* Krupp’sche Monatsheft, Vol. 4, 1923, page 137. 
+ Archiv fir das Eisenhiittenwesen, April, 1930, pp. 637-648. 








172 ; 





SUPPLEMENT TO THE ENGINEER, Oct. 30, 1936. 





corresponds with that at which a definite increase 
has been detected in the solubility of carbon in «-iron. 
The extent of age hardening obtained after quench- 
ing increases gradually as the quenching temperziure 
approaches the Ac, change point. 

To obtain maximum age-hardening effects in low- 
carbon steels, it is necessary to cool very rapidly from 
the reheating temperature. Air cooling from any 
temperature below Ac, results in practically no age- 
hardening effects. Further, maximum age hardening 
is only obtained in sections very slowly cooled through 
the critical ranges prior to the reheating for quench- 
ing from a temperature as near as possible to the 
commencement of the Ac, range. 

It would appear that maximum age hardening is 
obtained after long resting at room temperature, the 
time required to reach the maximum being dependent 
on the actual room temperature at which the resting 
takes place, longer periods being required in winter 
than in summer. Ageing at temperatures slightly 
above normal room temperature results in the maxi- 
mum hardness being attained in a shorter time, but 
the actual values obtained will generally not reach 
the same level as those ultimately obtained on ageing 
at room temperature. Ageing effects may be com- 





drawing practice a wire is obtained in low-carbon steel 
with a tensile strength of over 75 tons per square 
inch, whereas without the quench-ageing treatment, 
the tensile strength would be only of the order of 
60 tons per square inch. The increase in tensile 
strength, due to the quench-ageing treatment, is 
augmented to some extent in open-hearth steel by the 
incidence of a higher work-hardening factor in the 
quench-aged condition than in the rolled or annealed 
condition. 

Space will not allow the full details of these or of 
numerous other series of tests to be given, but certain 
conclusions may be mentioned. 

It has not been found possible by ageing for short 
periods at elevated temperatures to secure the same 
increase in tensile strength as that obtained after 
long ageing at room temperature. 

After the first six weeks’ ageing the mechanical 
properties of No. 5 gauge rod containing 0-09 per 
cent. carbon, water- quenched from 650 deg. Cent., 
remained unchanged for two years. 

The carbon content has a controlling effect on the 
degree of age hardening and embrittlement occurring 
in low-carbon steels rapidly cooled from temperatures 
approaching the commencement of the Ac, change 


TaBLeE I.—Effect of Method of Manufacture. Percentage Increase or Decrease Due to Ageing for Three Months Compared with 
Ageing for One Hour (Steels Arranged in Order of Carbon Content). 





| 
| 
| 


Vickers | 


| 
| | Max. Yield | Elongation, | Average 

C, | Mn, N, Hardness Stress, | point, | percent. | Izod impact 
Steel. per | per per Number. tons/sq. in. | tons/sq. in. | on 2in. figures, 
cent. | cent. cent. H ft.-lb. 


| 
| 
0-05 | 0-30 | 0-003 | 
| 
| 


Basic open hearth: Rimming 





Basic open hearth : Rimming -| 0-05 | 0-35 | 0-0035 
Acid Bessemer: Rimming... ..| 0:09 | 0-37 | 0-013 
Acid open hearth: Silicon solid .| 0-10 | 0-47 | 0-004 
Basic open hearth : Silicon solid 0-10 | 0°43 | 0-0055 


Acid Bessemer: Solid, Al. killed 0-16 | 0-58 | 0-015 


pletely eliminated by reheating at temperatures 
above 100 deg. Cent. 

Normally, the extent of the embrittlement result- 
ing from the age hardening of mild steels varies fairly 
regularly with the degree of hardening, but there are 
some notable exceptions. For instance, inherent 
grain size has an insignificant effect on the degree of 
age hardening obtained in low-carbon steels, but it 
has a marked effect on the extent of the embrittle- 
ment which accompanies the hardening. Embrittle- 
ment is almost entirely elimimated in low-carbon 
steels treated to give fine inherent grain. Complete 
de-activation of the carbon in steel through the 
agency of titanium or vanadium entirely eliminates 
the tendency to age hardening and embrittlement. 
This effect is to be attributed to the formation of a 
carbide which is insoluble in «-iron. 


EXPERIMENTAL RESULTS. 


Considerable experimental work dealing with the 
quench-ageing of low-carbon steels has been carried 
out from time to time in the laboratories of the 
United Steel Companies, Ltd., and this opportunity 
is taken of placing on record some of the results. 

The phenomenon was investigated many years ago 
in connection with its application to the manufacture 
of upholstery spring wire. The value of quench-aged 


rods for such service lies in the fact that with normal 








Percentage decrease. 


° | 
Percentage increase. | 


42 38 | 61 | 29 91 
36 37 | 56 | 34 92 
3: | 34 44 | 32 93 
31 | 24 31 | 27 73 
27 26 35 Poe | 68 
19 15 21 H 20 | 63 


point (Table I), irrespective of the method of manu- 
facture and nitrogen content. 

The degree of ageing is increased by preliminary 
slow cooling instead of normalising, and by quench- 
ing at 670 deg., instead of 650 deg. Cent. Increase in 
section of the quenched rod (e.g., #in. diameter instead 
of No. 5 gauge) lowered the degree of ageing. 
SUSCEPTI- 


EFFECT OF INHERENT GRAIN SIZE ON 


BILITY OF LOW-CARBON STEELS TO QUENCH-AGF - 
EMBRITTLEMENT. 


Results quoted by Swinden and Bolsovert for 
open-hearth steel indicate that refinement of the 
inherent grain size has no material effect on the 
extent of ageing of low-carbon steel, as measured by 
change in hardness and tensile properties. Fine grain 
steel is, however, free from embrittlement, as measured 
by the drop in the notched-bar impact figure, whilst 
coarse grain steel shows marked embrittlement. 

Tests precisely similar to those reported by Swinden 
and Bolsover were carried out on samples of acid 
Bessemer steel of the following analysis :— 

Per cent. 


Carbon .. 0-09 
Manganese 0-87 
Silicon 0-095 
Sulphur 0-041 
Phosphorus .. 0-041 





t Iron and Steel Institute Preprint, September, 1936. 
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The mechanical tests were carried out on jin. 
diameter bars normalised from 920 deg. Cent., and 
subsequently water-quenched from 650 deg. Cent. 
The change in properties found between the ageing 
intervals of one hour and of seventy days after 
quenching were as follows :— 

Grain size 3. 
Vickers hardness number -y +31 
Maximum stress, tons/sq. in... + 
Yield point, tons/sq.in. .. .. + 
Elongation, per cent. on 2in. ... — 
Reduction of area, per cent. = 
Average Izod impact figures, 

ime OOS ee ES Fee + 5 

The effect of the refining of the inherent grain size 
is noticeable in this instance in the lesser extent of 
the age hardening in the fine grain samples, as well as 
in the complete elimination of embrittlement. 


Grain size 7. 
. +2 . 


+ 5 
+ 0 


~] 
mimo 


1 ouhe 
2 o 


—2 


Errect oF ADDITIONS OF TITANIUM. 


In view of the interesting results published by 
Kilender, Fry, and Gottwald§ on the effect of addi- 
tions of alloy elements in suppressing precipitation 





The results of these tests indicate that additions 
of small quantities of titanium to low-carbon steels 
reduce very markedly the extent of the hardening and 
practically eliminate the embrittlement normally 
obtained in low-carbon steels as a result of ageing 
after quenching from 650 deg. Cent. With titanium 


TaBLe Il.—Analyses of the Series of Titanium-bearing Steels. 




















Ref. No. | Carbon, | Manganese, | Silicon, Titanium, 
per cent. per cent. per cent. per cent. 
1675 0-03 | 0-27 0-18 Nil 
1676 0-03 0-27 0°15 0-15 
1678 0-09 0-30 0-20 Nil 
1679 0-08 0-28 0-19 0-20 
1680 0-08 0-30 | 0-21 0-25 


contents of the order of four times the carbon content, 
both the hardening and embrittling effects are com- 
pletely eliminated. 

The effect of low titanium contents is associated 
with refinement of inherent grain size, a feature which 
is known to be effective in eliminating embrittlement. 


Taste III.—Tensile and Impact Tests (Titanium-bearing Steels). 


Normalised 950 deg. Cent. 






































Ref. No. Maximum Stress, Yield point, Elongation, Reduction of area, Average Izod 
tons/sq. in. tons/sq. in. per cent. on 2in. per cent. impact figures, 

ft.-Ib. 
1675 22-5 14-6 45-0 77 84 
1676 20-2 9-0 46-0 90 81 
1678 24-8 16-6 42-5 74 90 
1679 26-6 21-8 41-0 79 101 
1680 | 23-3 10-6 41-5 83 90 

Reheated 650 deg. Cent. and Water-Quenched. 
Time of Vickers | Maximum Yield point, Elongation, Reduction of | Average do. 
Ref. No. ageing. Hardness’ | Stress, tons/sq. in. per cent. on | area, per cent. | impact figures, 
Number. | tons/sq. in. 2in. ft.-Ib. 

1675 1 hour 135 24-7 14-6 43-5 | 77 90 

1 week 166 28-0 18-9 34-0 74 61 

8 weeks 181 33-8 23-2 29-0 68 60 

1676 1 hour 112 21-1 9-7 50-0 | 89 83 

1 week 110 20-5 10-3 48-5 89 82 

8 weeks 108 20-5 9-3 50-5 89 82 

1678 1 hour 141 27-6 18-2 41-0 72 95 

1 week 166 30-7 202° 32-0 70 99 

8 weeks 183 34-8 25-4 27-0 59 72 

1679 1 hour | 147 28-4 20-3 40-0 79 104 

1 week | 161 29-0 21-5 38-5 79 104 

8 weeks } 169 32-4 24-2 35-0 77 107 

| 

1680 lhour | 118 23-6 11-0 47-0 86 93 

1 week | 120 22-6 10-9 44-0 86 95 

8 weeks 119 | 23-8 11-2 45-0 85 89 

















hardening effects, complete mechanical tests were 
carried out on a series of low-carbon steels contaiming 
various percentages of carbon and of titanium. Five 
18 lb. ingots were made in a 35-kKVA high-frequency 
furnace of the Ajax-Northrup spark-gap type. The 
ingots were forged to in. diameter bars. The 
mechanical properties of the steels were determined 
after normalising from 950 deg. Cent., and also after 
reheating to 650 deg. Cent., water-quenching and 
ageing. The analyses of the steels are given in Table II 
and selected test results in Table IIT. 





$ Stahl und Eisen, May, 1934, pp. 554-564. 


The effect of relatively high titanium contents is to 
be attributed to the formation of titanium carbide, 
which is insoluble in «-iron. Hence, when the titanium 
content of the steel exceeds four times the carbon 
content, complete de-activation of the carbon results, 
and no quench-ageing effects are obtained. The 
results confirm the work of Eilender, Fry, and 
Gottwald. 

It has been found that titanium carbide does not 
begin to go into solution in iron until a temperature 
of about 1050 deg. Cent. is reached, and, even at higher 
temperatures, the rate of solution is extremely slow. 





In view of this and the fact that susceptibility to 
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quench-age-hardening increases with any decrease in 
the rate of cooling through Ac,, during the prelimin- 
ary treatment, hardness tests were carried out on 
sections from the steels of higher titanium-carbon 
ratio (Ref. No. 1676 and 1680), after being very 
slowly cooled from 1250 deg. Cent., reheated to 
650 deg. Cent., water-quenched and aged for periods 
up to twenty-eight days, without, however, finding 
any indications of age-hardening effects. 

The author wishes to thank Dr. T. Swinden, 
Director of Research, the United Steel Companies, 
Ltd., for permission to publish these results. 








A Scale for the Estimation of 
Slag Inclusions. 


SxaG inclusions in iron and steel, their influence 
and determination, have long been regarded as of 
importance in assessing quality. As to the influence 
of these non-metallic inclusions, differences of opinion 
exist, but there appears to-day to be a considerable 
concensus of opinion that, to meet the demands made 
upon high-grade steel, it is essential that it should be 
as free from inclusions as possible. There is a par- 
ticular urge in this direction, for example, to meet the 
exacting requirements in the construction of the 
modern aero-engine. 

In any case, it is clearly desirable that some recog- 
nised method of assessing “ cleanliness’? should be 
arrived at, so that, as between supplier and user, 
both may speak the same language. The methods 
of assessing cleanliness or freedom from non-metallic 
inclusions may be divided broadly into two classes 
(a) chemical and (b) physical. 

It is not proposed to deal with the former at any 
length in this article. After exhaustive research it is 
generally conceded that the alcoholic iodine extraction 
method is the most promising chemical method, and 
is capable of giving valuable data. Experience shows, 
however, that there still remains considerable work 
to be done before the composition of the inclusions 
existing in steel can be reported with complete 
certainty. Moreover, no purely chemical method 
can give any indication eas to the size, type, and dis- 
tribution of the inclusions. 

The vacuum-fusion method can now be regarded 
as reliable for the determination of total oxygen, and 
this naturally gives some indication of the quantity 
of non-metallic inclusions, but the value of the total 
oxygen figure is clearly limited. It is hoped that the 
further work that is being carried on by fractional 
extraction, following the original work by Reeve, 
will provide data of greater practical value. 

The microscopic examination of polished samples 
has been practised for many years, and it must still 
be regarded as the most reliable method of assessment 
at present available. 

It has long been the practice of certain purchasers 
of steel to fix arbitrary standards of cleanliness by 
micro-examination and to use these as acceptance 
standards. Such a procedure is not entirely satis- 
factory and efforts are now being made to place this 
method on a less arbitrary basis. 

Attempts have, of course, been made in the past, 
notably by Epstein, but the particular scheme pro- 
posed by him has not received general support. 

A method designated the ‘‘ Fox inclusion count ” 












content. 


pose. 


tion. 


the 


Relatively 


obviously affect the dimensions of the inclusions, as 
seen under the microscope. 
relates to a bar, 75 mm. in diameter, from which a 
disc about 15 mm. thick is cut. 
longitudinally, and it is further proposed that approxi- 
mately one-third from one end be discarded, thus 


has been described by Bolsover.* 
attracted considerable attention and will be referred 
to again in this article. 

Wetherefore turn with particular interest to an article 
appearing in “ Jernkontorets Annaler,” vol. 5, 1936, 
pages 199 to 226, entitled ** A Scale for the Estima- 
tion of Slag Inclusions in Iron and Steel,”’ by Bertil 
Rinman, Hans Kjerrman, and Bengt Kjerrman. It 
is stated that this scale and the accompanying instruc- 
tions have been accepted as an authorised standard 
by Jernkontoret in Sweden. 
this work was a chart worked out at the Hofors Steel 
Works in 1927 by Joel Larsson. This scale represented 
two main types of inclusions, denominated sulphide 
slag and brittle slag, and micrographs Nos. 1 to 4 
indicated, with rising grade numbers, increasing slag 
This was designed for use as a works con- 
trol in the production of roller bearing steel, and, we 
are told, is still in daily use at Hofors for this pur- 
The scale has come into use at several other 
works, and the authors, working on behalf of the 
Research Committee of Jernkontoret, have endea- 
voured to design a scale of more universal applica- 
They have considered it necessary to devise a 
more extended scale, involving four types of inclu- 
sions and five grades of inclusion content. 
emphasise the necessity for standardisation, and 
particularly that the scale shall always be used accord- 
ing to the same principles. 
instructions for use may be obtained from Jern- 
kontoret, Stockholm 16, Sweden. 

According to the form and distribution of the slag, 
micrographs are classified in four main groups A, B, 
C, and D, and although these are not intended to 
relate specifically to certain kinds of slag, it is anti- 
cipated that sulphide slag will fall generally into 
group A, alumina into group B, silicate slag into 
group C, and certain oxide slags into group D. The 
main groups are made up of two sub-groups, each 
comprising five micrographs, which show different 
quantities of the respective inclusions. 
of the division into sub-groups is to give examples 
of different thicknesses of the various slag particles. 
The micrographs are marked | to 5, the higher number 
indicating a larger quantity of slag. 

In comment on this scale, it may be suggested that 
operator may 
attempting to compare the sample under examination 
with so many as forty standard micrographs, and it 
is certainly very desirable that the standard chart 
should be as simple as possible. 
matter of difficulty to know where to draw the line 
between illustrating every possible form and quantity 
of slag and at the same time keeping a standard chart 
to workable 
method,” previously referred to, consists of twelve 
diagrammatic micrographs illustrating three types of 
inclusions and four grades of cleanliness. 

The authors devote considerable attention to the 
preparation of the specimens. It is clearly important 
that the surface examination shall be strictly parallel 
to the longitudinal axis of the rolled or forged bar. 





This method has 






The starting point of 


They 


Copies of the chart and 


The object 


experience some difficulty in 


It is obviously a 


dimensions. The ‘“ Fox inclusion 


small deviations from this condition 
An example quoted 


The disc is then cut 








* Metallurgia, July, 1935. 
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providing a convenient size of specimen for subse- 
quent grinding and polishing. The specimen is then 
hardened (or case-hardened), and is subsequently 
ground and highly polished. It is essential that the 
polishing should be done under carefully controlled 
conditions, and the article illustrates the result of 
improper preparation. The authors suggest that, 


after the high polishing, it is sometimes suitable to _ 


etch the surface mildly, in order to facilitate the 
focusing under the microscope. The experience of 
others in this direction is, however, that whilst in 
. some cases etching does ease examination, it may 
possibly exaggerate the appearance of the slag 
particles to such an extent that a false count can be 
obtained, and, on the whole, this suggestion of the 
authors must be regarded with some apprehension. 
After studying this section carefully, one is left 
with the feeling that the cutting and preparation 
of the samples is left, to some extent, to the discretion 
of the operator, and if the particular method which is 
illustrated be adopted, it is clearly impossible to make 
a complete examination of the cross-section of the bar. 
The authors then proceed to explain in great detail 
various methods by which the observed data can be 
utilised. They definitely standardise the condition 
that the actual diameter of the field:of view shall be 
0-8 mm. If the image be projected on to a focusing 
screen, 100 diameters magnification is to be used, the 
diameter of the image on the screen thus being 80 mm. 
This image can be compared directly with the scale. 
Alternatively, visual examination can be employed, 
using a stage micrometer to determine the real dia- 
meter of the field. The authors describe, in a very 
interesting way, methods they have employed in 
using the observed data. One can, for example, 
record the highest slag number observed for each type 
of slag, and, again, the scale may be used for deter- 
mining the relative quantity of slag in one portion of 
the bar compared with another. They quote an 
example of the slag content of a bar, presuming that 
100 fields of view have been examined, with the 
following results :— 
Slag No. : (t.e., quite free from slag) .. 


” 


1 
2. 
4 
1 


CAan 


on 


( 


Cum w bo 


Total - 100 fields 
Various ways are suggested of utilising these 
observed data. Thus a slag number may be obtained 
by multiplying the number of fields by the corre- 
sponding slag number and arriving at a total of 165. 
From this, one can report the mean slag number, 
by dividing by the number of fields examined, as 
1-65. Again, if one wishes to assign more weight 
to the fields having a high slag number, one can use 
additional coefficients, for example, as follows :— 


Slag No. Coefficient. 
Dig om Te 
2 ee 2 
3 oe 4 
4 a 
5 - 16 


which, for the same example, would give a slag value 
of 485. Thus, the authors state, by using these or 
some other coefficients, an expression for the quantity 
of observed slag can be obtained, which may be com- 
pared with values obtained in the same manner for 
other specimens. 

The authors also make use of these results in plotting 





frequency curves. For each slag number a corre- 
sponding number of fields of view, calculated as a 
percentage of the total fields examined, is plotted in a 
diagram. They also illustrate, by means of frequency 
curves, the data obtained from samples representing 
bars worked down to progressively smaller sizes. 

As a technical dissertation on the subject, the 
paper is extraordinarily interesting and valuable. 
We are left with the thought, however, that further 
steps still remain to be taken in order to render more 
specific the details of the method, if the results are 
to be adopted as representing a value which can be 
regarded as a standard. For our part, we feel that 
it is essential that any proposed standard method 
should, at least in the first stages of its adoption, be 
maintained on as simple, straightforward, and definite 
lines as possible. In supplementary practical infor- 
mation, the authors indicate that they are well aware 
of the problem of selecting representative samples. 
They emphasise the value which a system of inclu- 
sion counting provides for the steel maker in obtain- 
ing a running control of good comparability with a 
relatively small number of specimens, having already, 
by experience, determined how the variations occur 
throughout various casts of steel. 

The steel consumer, on the other hand, must, of 
necessity, use specimens selected arbitrarily. The 
authors do not consider it possible to give general 
applicability recommendations, and state that in 
this matter each producer or consumer must arrive 
at his own solution after studying the problem. They 
definitely consider, however, that it is possible to 
apply a numerical assessment to the determination of 
cleanliness which, used with discretion, is of con- 


‘ siderable value. 








An Etching Reagent for Zinc and 
Zinc Alloys. 


METALLOGRAPHIC etching of zinc and its alloys 
may be carried out with ordinary acid or alkaline 
solutions, but a favourite method has hitherto been 
the use of Timoféef’s reagent, which consists of a weak 
aqueous solution of a mixture of 6 parts by weight of 


~chromic acid and 94 parts of concentrated nitric acid. 


A new reagent is recommended by J. Schramm.* 
It is made by taking a mixture of 51 c.c. of concen- 
trated caustic potash, 50 c.c. of water, and 20 c.c. of 
concentrated copper nitrate solution, and adding 
25 grammes of powdered potassium cyanide with 
constant stirring. The precipitate formed is filtered 
off, and 2-5 ¢.c. of concentrated citric acid solution 
added to the filtrate. This constitutes the etching 
reagent. On standing a deposit of long needle-shaped 
crystals is often formed, but these should be left 
undisturbed in the stock bottle. 

Etching with this solution for 10 to 20 seconds 
colours zine or the zinc-rich phase brown or black. 
The reagent should be useful for etching the zinc- 
base die casting alloys. It is said to be particularly 
valuable in the micro-examination of commercial 
zine. The iron impurity appears as white particles, 
or, if present in larger quantities, as feathery dendrites, 
and may be detected in amounts as small as 0-03 per 
cent. Lead appears as small white globules. 





* Zeit. Metallkunde, 1936, 28, 159. 
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Physical Constants of Pure Metals. Pp. 27. 1936. 

London : His Majesty’s Stationery Office. 6d. net. 
In accordance with a recommendation of the Advisory 
Committee of the National Physical Laboratory, a 
summary of results of determinations of the physical 
constants of pure metals has been prepared and pub- 
lished in pamphlet form. 

In the first part are contained full numerical data 
referring to a wide range of properties of the specially 
pure metals which have been produced in the metal- 
lurgical department of the laboratory, viz., iron, 
chromium, manganese, beryllium, cadmium, mag- 
nesium, and tin. To these are added surface tension 
and lattice parameter measurements made in the 
laboratory on various metals. 

The second part deals with the melting point, latent 
heat, specific heat, thermal conductivity, and coeffi- 
cient of expansion of metals of high commercial 
purity, and among the data given in this part are 
included results of determinations made at other 
institutions. The metal iron which is the subject of 
the first section of Part I is not again referred to in 
Part II, which deals with aluminium, cadmium, 
copper, lead, nickel, tin, and zinc. No new values of 
the boiling points of these metals have, it is stated, 
been found in the literature since 1922. 

Data relating to single crystals receive full atten- 
tion, and often present notable features. For example, 
the difference in the coefficients of expansion of single 
crystals of tin, cadmium, and zinc, measured in two 
directions at right angles to one another, are illus- 
trated by the following approximate figures :— 


Coefficient of expansion x 105. 





Perpen- Parallel 
dicular to | to 
principal principal 


Poly- 
crystalline. 


Tin... 
Cadmium 


Zinc 


The significance of such directional differences in 
the individual units of a polycrystalline aggregate 
on the behaviour of metals and alloys in practice is 
only beginning to be realised. 

This publication forms a valuable and up-to-date 
supplement to the reference books and collections of 
tables now available, and particularly to the Inter- 
national Critical Tables, which have not been revised 
for nearly ten years. In view of the labour which 
often has to be expended in hunting up references, 
the N.P.L. pamphlet at the cost of sixpence is an 
extraordinarily good investment, even for those who 
may perhaps only expect to need an accurate state- 
ment about one of the many items of information 
recorded in it. 


Mémoires de Métallurgie présentés au Congrés Inter- 
national des Mines, de la Métallurgie, et de la Géologie 
Appliquée. Tome If. Pp. 340. 4to. La Revue 
de Métallurgie, 5, Cité Pigalle, Paris, 9. 

THE record of the * Proceedings” of the Metal- 

lurgical Section of this Congress, held twelve months 





ago, has now been completed by the publication of 
the second volume of the memoirs.* This volume 
contains fifty papers communicated to the various 
sections dealing with the manufacture of iron and 
steel and of non-ferrous metals, the properties of 
alloys and alloy steels, their heat treatment and uses. 
Most of the papers have now appeared in the Revue 
de Meétallurgie, but this collected edition will be 
welcomed by those who desire to preserve a complete 
record of the Congress. 








Letters to the Editor. 


(We do not hold ourselves tesponsible for the opinions of our 
correspondents.) 


DEEP-DRAWING PROPERTIES. 


Sirn,—A review in THe Metatturaist of June 26th, 
1936, pages 139-141, on “ ‘The Deep-drawing Capacity of 
Aluminium,” discusses an article on “Die Tiefzieh- 
fahigkeit von Reinaluminium-Blechen Verschiedenen 
Hartegrades,” by Herr Werner Helling, which appeared 
in Metallwirtschaft, Vol. 15, pages 388 to 394 and 409 
to 412 (1936). 

The statement is made that ‘“‘ perhaps the most striking 
thing in this [Herr Helling’s] paper is the discovery that 
the quarter and half-hard tempers will in most cases 
actually stand a heavier first draw than the corresponding 
annealed metal.”” May we call your attention to the fact 
that this was already known to be true for zine and zine 
alloys, having been brought out in a paper by E. H. 
Kelton and Gerald Edmunds, copies of which are enclosed. 
This paper was later published in ‘“ Trans.,”’ A.I.M.E., 
Inst. of Metals Div., Vol. 111, pages 245 to 253 (1934). 
The statement concerning this matter in our paper is as 
follows :— 


“The graphs also show that the maximum drawing 
quality is not realised with either the softest metal or the 
metal having the highest dynamic ductility in this par- 
ticular alloy. Investigation has shown that this same 
situation exists in other grades of zine and zinc alloys.” 


We feel that you may wish to call Herr Helling’s atten- 
tion to the fact that the superior drawing quality of the 
harder rolled zines is brought out in this paper. 

G. Epmunps, 
Research Division, New Jersey Zine 
Company (Pa.). 
August 26th, 1936. 


[it is now widely recognised in regard to many metals 
and alloys that the maximum ductility in the annealed 
condition is not necessarily conducive to the best deep- 
drawing properties. In arriving at any generalisation 
about the relation between ductility, as measured by the 
usual mechanical tests, and deep-drawing capacity, it is 
most desirable that the behaviour in this respect of as 
great a variety as possible of metals, both ferrous and non- 
ferrous, should be examined and compared. The paper 
by Kelton and Edmunds not only provides a direct com- 
parison of the drawing qualities of zine alloys which have 
undergone different amounts of rolling, but contains 
valuable data illustrating the lack of correspondence 
between drawing characteristics and any other property, 
which, unfortunately, constitutes a difficult problem 
common to most metals.—Eb., THE M.] 





* Publication of the first volume was noted in THE METAL- 
LuRGIsT, February 28th, 1936, page 112. 





